Methyltrimethoxysilane has been used as a base in the formation of transparent sol-gel coatings on glass substrates. Several types of alcohol were used as solvents in order to obtain the highest transparency and scratch hardness of the film. The coating cures at room temperature (26
Introduction
Coatings on glass are applied in order to modify its functional behaviours. Properties such as protective coating, antireflex, antiglare, antistatic, or modification in dielectric and transmission properties are some of the many functional modifications that can enhance value-added applications to the glass. Various monomers have been used for these purposes. Methyltrimethoxysilane for instance. This is because of its optical transparent [1] , antibacterial [2] , and selfcleaning behaviour [3] .
One way to prepare the coatings is the sol-gel process. It is a simple technique and has been used to produce film with high optical transparency [4] and low thermal conductivity [5] and presently widely used in architectural window [6] [7] [8] . Due to its simplicity, sol-gel coatings are widely used in those related with optical semiconductor [9] , protective [10] [11] [12] , and sensing application [13] . Typically, sol-gel coated surfaces need a separate curing treatment by heating at temperatures between 100
• C and 500
• C [14] [15] [16] . This treatment, however, increases the manufacturing costs, especially when sol-gel coating is applied to already existing production chains. Sol-gel coatings of low temperature processing have shown good adherence to the substrates (glass, ceramics composites, etc.) and possibility to prepare multilayered coatings due to their low viscosity. The drawback of the sol-gel processing other than cost is the shrinkage that accompanies drying and sintering and processing time [17] . These problems however can be addressed by having a careful choice of solvent used.
Solvent is a very important component in the sol-gel process. It is used in sol-gel synthesis as media for the hydrolysis and condensation of precursors as well as to control the concentrations of reactants, which influence the solidifications kinetics. By carefully choosing the solvent and its unique properties (i.e., dielectric constant, surface tension, and dipole moment), parameters such as the rate of gel formation, gel structure, and drying behavior can be changed [18] . Therefore, in order to investigate the effect of solvent on the optical and physical properties of methyltrimethoxy silane transparent film, a series of different types of alcohols were tested and used as the solvents. Methyltrimethoxy silane was chosen as the monomer due to its low viscosity. The objective is to obtain thin layer of clear coating on the glass substrate that is cured and hardened at room temperature without heat treatment. The possible application for this type of coating system is to have a value-added function when functioning agents were mixed with the coating system without interfering with the original appearance of the substrate. Therefore, the coating should appear to be very transparent with an acceptable tackfree time for the application process and hardness for the durability.
Experimental
Glass slides with 2 mm thickness were cleaned with water and finally with acetone to remove the grease and contaminants on the surface. The solvents and methyltrimethoxy silane (Si-CH 3 -(OCH 3 ) 3 ) were mixed in a beaker with the ratio of 1 : 1 to study the compatibility of the substances. No modification has been made on the chemicals that were purchased from the supplier. Nitric acid was diluted to 5% with the pH of 0.1 added to the mixture by 10% wt as a catalyst. In the experiment with nanoparticles, the particles were added from 0.5% to 2.5% by weight into the coating mixture with vigorous stirring to maintain the uniformity of the coating. The mixtures were stirred for 30 seconds and coated on the prepared glass slides using melamine sponge (1.5 cm × 1.5 cm × 4 cm). The coated samples were dried in the room temperature at 26
• C and absolute humidity of 30%. The wet coating was coated on the glass slides of 2 mm thickness (2.5 cm × 7.5 cm) using a melamine sponge. 0.5 mL of the coating was used for every slide, and the coating was spread with a single stroke to maintain the same thickness of the coating. The coating process was carried out in room temperature at 26
• C and absolute humidity of 30%. These two factors need to be constant throughout the experiment. The dried samples were measured for transparency using haze meter with D65 illumination light at room temperature. Mitsubishi pencil scratch tester was used with the load of 1 kg to measure the scratch hardness of the coated films on the glass substrate.
Results and Discussions
Solvents are added into the system to prevent liquid-liquid phase separation during the initial stages of the hydrolysis and to control the concentration of silicate and water that influence the gelation. In this study, we are focusing on the common alcohols used as solvents in sol-gel processing. The availability of labile protons in protic solvents such as water and alcohols influences the extent of the reverse reactions, reesterification, or siloxane bond alcoholysis or hydrolysis [19] .
Tack-free time is very important especially during the coating process. The tack-free time remains constant for sample that was mixed with methanol, ethanol, and Npropanol. However, longer tack-free time was obtained from the samples that were mixed with pentanol due to the higher boiling point and lower evaporation rate (Figure 1) .
Pencil scratch hardness is widely used in measuring the hardness of the coating film formed. There are no significant changes in hardness values of the coatings when different solvent was used in the experiment. Thus, the type of solvents does not affect the hardness of the dried coatings (Figure 2(a) ).
The lowest haze value was obtained from sample that was mixed with N-propanol (Figure 2(b) ). Higher haze values were obtained from samples that were mixed with butanol and pentanol. Longer tack-free time resulted in more dust particles to stick onto the coatings. N-propanol also showed the lowest percentage of light diffused (Figure 3) .
Based on the results previously mentioned, N-propanol has shown the most promising solvents for the coatings based on the compatibility compared to the other alcohols in the studies. The next approach was the comparison of N-propanol to the ethanol with different percentage of solvents into the binder system. The coating was mixed according to Tables 1 and 2 . Ethanol was chosen as the comparison because it is the most common solvent used in the industry. For both solvents, the coatings appeared clear and transparent when the percentage of the solvents is between 40 and 50 percent in the coatings formulation ( Figures 5(a) and 5(b) ). When the silane percentage is too high or more than 60 percent, the dried coating cracked and flaked due to the high density of the cross-linking causing the brittleness of the coating layer (Figures 4(a) and 4(b) ). However, when the solvents percentage is too high or higher than 60 percent, the coatings become hazy due to the rough surface formed, and the binder is not enough to cover the whole substrate (Figures 6(a) and 6(b) ). Figures 7 and 8 show the values of haze and percentage of light diffused from the coated samples. The best haze values was obtained from the sample that was mixed with Npropanol 50% and silane binder 50% which is 0.38% of haze values and 0.34% of light diffused throughout the samples (Figure 7) . Comparatively, all the haze values and the light diffused from the mixture of silane and ethanol samples were higher compared to the sample that was mixed with the 50% of N-propanol and silane (Figures 7 and 8) . Figure 9 shows that the haze values of the samples increase as the amount of nanoparticles increased. The lowest value was obtained from the sample that was mixed with silver nanoparticles 0.5%. Zinc oxide and titanium dioxide gave higher haze values due to the hiding strength character of the particles that is higher compared to silver. Zinc oxide and titanium dioxide are widely used in paint industry as pigments.
Conclusion
We managed to prepare transparent silica-based aerogels using methyltrimethoxysilane with various alcohols as a solvent. The solvents play important roles in producing a high-transparency film by giving sufficient time for the polymer network to form the aerogel. With an optimum amount of solvent and precursors we manage to get a clear silica-based coating without sacrificing the hardness of the coating film. We found out that 1 : 1 ratio is the optimum ratio between methyl trimethoxy silane and N-propanol to obtain a clear dried film with the highest scratch hardness and least light diffused through the film. The advantage of this coating system is the "easy-to-apply" concept which can be cured at room temperature and suitable for the retrofitting or adding function to the installed windows in the building. This is due to the simplest techniques and minimum apparatus needed to apply the coatings. This is favourable to improve the quality of the existed glass windows. Haze values of the film incorporated with nanoparticles were also 4 Advances in Materials Science and Engineering measured, and silver nanoparticles gave relatively lower haze values compared to zinc oxide and titanium dioxide.
